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Abstract. The paper presents researches concerning the manner in which different 
conditioning systems influence the quality of seeds prepared for sowing by optimization of the 
preparation process for increasing quality and decreasing specific energy consumption as well as of 
the cost per ha. The results processed and interpreted with well known statistical methods exhibit 
significant differences between the studied conditioning systems and their influence on quality 
indices which indicate the cultural value of seeds. 
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INTRODUCTION 
 
After to the harvesting, the converging point of all the actions of the agricultural 
producer, conditioning, storage and preservation of products are the compulsory 
processes, in order to ensure continuously the major food source for humans and animals. 
For the optimal management of these processes a complex study is necessary 
concerning the physico-mechanical properties of seeds, the physiologic processes and 
micro-organic activities that take place inside the seed and the cinematic regime of the 
machinery, in order to preserve the integrity of seeds during processing. 
As it is well known, the final product obtained through harvesting consists of a 
mixture composed of the seeds of the main crop, weed seeds, different mineral or organic 
impurities (dust, straw, husk). Besides these one must take into consideration the fact that 
even the seeds of the main crop are of different size and weight some of them being 
broken, stunted or damaged. 
When harvesting, grains are not totally physiological mature. The broken and 
shriveled grains and weed seeds present a higher humidity than the rest of the components, 
increased breathing (3-5 times higher than normal) which rises the environmental 
temperature and in humid conditions finally leads to the development of certain 
undesirable processes in seeds as: rot, sprouting etc (Bucurescu et al., 1992).  
Under these circumstances microorganisms as bacteria, mildew, fungi existent in 
huge quantities in seeds enhance their activity producing carbon dioxide, alcohols, toxins 
and favorable conditions are created for propagation of different pests. All these 
circumstances lead to a significant decrease of viability and poor preservation capacity of 
seeds. Microorganisms penetrate in the cracked seeds; degrade them by destroying their 
enzymatic system inducing low sprouting capacity and abnormal sprouts. 
In this respect, the conditioning process come to understrood as the process of 
bringing the harvested seeds to certain humidity, temperature, purity levels which allows 
the preservation off all the initial characteristics for a longer period of time. Preservation 
under thee seeds from is the most practical method of conservation of vegetal genetic 
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resources. As a biological and economic factor seeds are the main alimentary resource of 
humans. 
The quality of the seeds is defined by their biologic characters and its cultural 
value guaranteed by preservation, storage and conditioning in proper conditions. 
Theoretical considerations.  
       Conditioning technologies. The technological process of conditioning might be 
simple or complex according to: destination of seeds, requirements, various machinery 
used. The most common equipment must cover purification and assortment of seeds by 
their aerodynamic properties, size, specific form and weight. 
 Figure 1 presents a scheme of processing seeds for sowing. 
Description of the technological process. The operations of the technological 
process (Fig.1) are chained in a continuous flux, still with a certain discontinuity after to 
the pre-cleaning, procedure, operation oversized vs. the other ones, due to the fact that 
harvesting should take place at a certain intensity in a shorter time. The pre-cleaning 
machinery (MDZ) properly equipped with plain screen for the certain harvested species 
removes small grain fragments, dust, husk, crop residues, weed seeds etc. The pre-cleaned 
material may be directed to the dryer if the main crop seeds present excessive humidity, in 
silos for temporary storage or directly to the conditioning flux. 
The first screening machinery (AMZ) of the conditioning flux which is 
permanently supplied by a dispenser eliminates the very large and very small grains and 
junks. The remained sorted material is directed to the second screening machinery (PLV) 
which sorts the grains by thickness and width, eliminating the small thick grains, stunted 
and cross sectioned ones.  
The primary sorted material goes to the double selector (HSR) which sorts the 
grains by length, eliminating the short ones, long cracks and certain longer pieces than the 
seeds of the main crop. From HSR the obtained sort goes to the gravitational selector (GA-
81) which separates the same sized grains but with different specific weight. The final step 
of the conditioning process represents the specific treatment against pests and diseases. 
Aspects of the separation process 
Agrotechnical requirements of grains and technical demands of the equipment. 
The high dependence of crops on the pedoclimatic conditions and the necessity to achieve 
increasing productions, in order to guarantee the food security require seeds with high 
genetic and production value. The high production value is represented by seeds with a 
certain purity, good germination capacity and phytosanitary condition imposed by certain 
standards (Law 266/2002). The seed quality also implies that the seeds have high values of 
non-standardized indices as germinative energy, sprouting capacity, uniformity of grains, 
thousand grain weight (TGW), integrity of grains. 
Due to the varied physico-mechanical characteristics of the seeds derived from 
different species, the processing machineries are very diversified. The working process is 
developed stationary, but the cinematic regime of certain machine parts is one of the main 
factors that mark the quality of the biologic matter.  
The working parts of the equipment as bolters, transporters, elevators, sorting 
devices must operate smoothly to maintain the shape and integrity of grains thereby to 
reduce the infestation with pests and diseases. The processing flux of seeds is very 
complex, with a well defined sequence of purifying phases as pre-cleaning, basic cleaning, 
dimensional and gravitational selection, treatment against pests and diseases, 
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packing, all created to avoid impurification of the seeding material (Duda and Moldovan, 
2007/2008). All the machineries used for seed processing demand highly qualified 
personnel and should operate in specialized centers 
 
 
 
Fig. 1. Conditioning technology for crop seeds (SCDA Turda) 
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Technology of selection devices. The separation process of grains is influenced 
by many factors as: loading level of the equipment, granulometric composition of the 
sorted material, nature of the sorted material, relation between the size of bolter holes and 
of grains, physico-mechanical properties of grains etc. Therefore, there must exist a 
directed motion  of the seeds on the surface of the bolter to evacuation (fig.2). 
If the speed of bolter  is equal to the speed of grain  the relative speed is null 
( ), in this case there is no separation. The pure seed includes the grains of 
varieties and cultivars of the main crop (standard:SR7713 /1999). 
 
 
 
 
 
 
 
 
Fig.2. Dynamics of seed motion on bolters 
 
The percentage of each category (Xi): pure seed impuritis etc are computed with 
the formula:                                                                                                                                                                                                                                
 
where   - seed-mass of „i” category of impurities, in g                              
– sum of all components on the analyzed, in g 
             K   - correction coefficient (if is necessary)  
The sum of all components weight should be equal to the initial weight of the 
analyzed sample, being admitted a maximum difference of 5%. The smaller components 
than the bolter holes will remain in the mixture. Assuming that the main crop seeds are in 
 quantity in the remained mixture existent at the evacuation level, the loss of quality 
grains (  %) can be computed by the following relation: 
 ·100  
where:  = weight of quality grains existent in the output of the sorting 
machinery. 
 The technologic effect is represented by the impurity percentage eliminated from 
the grain quantity passed through the selector, determined by the relation: 
t=  
where: - -  total input impurity quantity, in %  
                   -  – total output impurity quantity, in % 
Working capacity and specific consumption. Specific grain quantity is 
determined as:  
     q=M/t[kg/h] 
where:  M- seed-mass of the material passed through the selector in “t” time  
The energy consumed for processing is expressed by the formula:              
 
 
sinα 
 
α 
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 E=W/q.η[kwh/kg] 
where: W- energy consumption at a certain electric,(with an autput, η). 
High separation speed leads to increased working capacity but decreases the 
efficiency of the process.  
 
MATERIAL AND METHOD 
 
 For increasing seed quality and reducing energy consumption by using combined 
equipments it is necessary to carry out more elaborated theoretical and experimental 
studies concerning the selection process. Our researches were organized at SCDA-Turda, 
in a specialized processing centre, where by means of the existent technical equipment 
there have been developed new combined systems for separation of the impurities from 
seeds.To optimize the proposed objectives there has been quantified the technologic effect 
of each machinery as well as the cumulative one, in order to choose the variant that 
provides high purity grains with proper parameters and agro-technical requirements at a 
minimum specific energy consumption. The main objective of our researches was the 
influence of the processing systems on seed quality indices: germination, purity, 
phytosanitary condition, physical properties of seeds resulted form a wheat field. 
             Biological material. There has been studied a wheat plot of Arieşan variety 
obtained in the conditions of the year 2013. The sowing (550 bg/m²) was performed at the 
beginning of October 2012 after a precursory leguminous crop (soybean) with concomitant 
administration of 300 kg/ha chemical fertilizer (20:20:0). The soil humidity provided a 
good sprouting and tillering meeting the winter period with 2-3 leaves. An additional 
nitrogen fertilization was applied in March with 150 kg/ha and in mid April with another 
150 kg/ha. It is well known that in Transylvania the climatic conditions are highly 
unforeseeable, in this respect May was excessively rainy favoring a good valorification of 
the nitrogen fertilizer.  
The heavy storms „laid down” most of the crop. At the end of May and beginning 
of June the atmospheric drought is installed exactly in the period of grain filling and 
maturation, producing a large number of shriveled grains in the harvested crop. The 
characteristics of the wheat crop after pre-cleaning (it is forbidden to store without pre-
cleaning) are presented in the following table (table 1). 
 
                                           Table 1. 
Analysis sheet of the crop 
Sample 
no. 
H
um
id
ity
 
[%
] 
H
ec
to
lit
ric
 w
ei
gh
t 
[k
g]
 
Classification of components 
small cracks 
main 
cult.scraps, 
 minerals 
[%] 
large 
scraps 
pinched 
[%] 
shriveled 
grains 
[%] 
small 
grains 
[%] 
medium and large 
grains 
[%] 
1 13.5 80.2 2.60 0.7 7.8 1.9 87.00 
2 13.1 78.0 4.10 1.1 9.7 2.4 82.70 
3 12.8 78.5 3.4 0.9 8.6 2.3 84.80 
Mean  3.37 0.90 8.70 2.2 84.83 
 
Experimental design. A monofactorial experimental design was carried out with 
six conditioning variants(V1, V2, V3, V4, V5, V6) 
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• -conditioning with: AMZ (bolter device) and HSR (double selector) 
• - conditioning with: AMZ and PLV (bolter device) 
• - conditioning with: AMZ, PLV and HSR 
• - conditioning with: AMZ, PLV and GA-81 (gravitator) 
• - conditioning with: AMZ, HSR and GA-81 
• - conditioning with: AMZ, PLV,HSR and GA-81 
The influence of these conditioning systems on seed quality was studied, 
quantifying the shriveled grains remained in the output, the percentage of small grains and 
large cracks – components considered as being accepted as part of the pure seeds in 
conformity with SR7713/1999 standards.  
The level of these components was determined in samples taken from the 
technologic flux in four replications. The mean value of shriveled grains, small grains in 
the four replications and the output purity are presented in table 3. Cinematic parameters of 
the devices and filling debit were adjusted to guarantee the purity level of seeds according 
to the present standards. 
 
RESULTS AND DISCUSSION 
 
Results concerning the influence of conditioning systems on shriveled grain 
level. Among the necessary conditions for applying the Analysis of variance there have 
been tested the normality of distributions, homogeneity of variants (H= =  =13,1< 
) and the additivity of the effect of conditioning variants with replications. 
Square sum of errors ( =13,22), is decomposed in the contribution of non-additive 
effects (  = 0.680 ; df=1)  and the residual value (12,54). In this formula 
 is the square sum for the non-additive effect of the conditioning variants, fi and fj are 
effects of the conditioning variants and of the replications.  
Table 2. 
Analysis of variance for non-additivity 
Source of 
variability 
Square sum 
SS DF 
Variance 
 
F test 
Error 13.22 15  F= =0.76 
 
Non-additivity 0.680 1 0.680 
Residual 12.54 14 0.896 
 
Conclusion:  the effects of the conditioning systems and replications are 
additively combined. 
The homogeneity, normality, additivity of variants being accomplished, the „t” test 
may be applied without any correction therefore this will be taken in consideration in 
determining the limit differences and multiple comparisons. As far as the effect of 
replications is not significant, their square sum will be cumulated with those of the error. 
= =   = 0.807 
A new variance of the error has been obtained according to which there will be 
determined the limit differences and multiple comparisons will be carried out. 
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Table 3. 
Results concerning the influence of the conditioning system on the shriveled grain level 
No of 
variant 
 
Conditioning variant 
Shriveled 
grains 
[%] 
 
Difference 
 
 
Significance 
 
Purity 
[%] 
Small 
grains 
[%] 
1. AMZ+HSR 6.20 - Control 99,15 1.40 
2. AMZ+PLV 4.70 -1.50 o 98.90 0.90 
3. AMZ+PLV+HSR 4.10 -2.10 oo 99.50 0.30 
4. AMZ+PLV+GA-81 0.70 -5.50 ooo 99.76 0.60 
5. AMZ+HSR+GA-81 1.10 -5.10 ooo 99.62 0.70 
6. AMZ+PLV+HSR+GA-81 0.30 -5.90 ooo 99.87 0.30 
    DL 5%      1.33                                 Effect level             Association degree 
    DL 1%      1.83                              f = 2.1                =0.85 
    DL 0.1%   2.49 
 
Differences between means in a number of , is compared 
with the smallest significance ranks (cmmrs). The smallest significance ranks are 
computed as multiplication of the error of means with the value of the correspondent ranks 
of different distances between variants (Isaic and Voda,2006). 
 
Table 4    
Comparison of means with the smallest significance ranks              
No. of 
variants Differences between means cmmrs Significance of differences 
1 - 2 6.2 – 4.7=1.5 1.336 Significant 
1 - 3 6.2 – 4.1=2.1 1.404 Significant 
1 - 4 6.2 – 0.7=5.5 1.474 Significant 
1 - 5 6.2 – 1.1=5.1 1.445 Significant 
1 - 6 6.2 – 0.3=5.9 1.494 Significant 
2 - 3 4.7 – 4.1=0.6 1.336 Insignificant 
2 - 4 4.7 – 0.7=4.0 1.445 Significant 
2 - 5 4.7 – 1.1=3.6 1.404 Significant 
2 - 6 4.7 – 0.3=4.4 1.474 Significant 
3 - 4 4.1 – 0.7=3.4 1.404 Significant 
3 - 5             4.1 – 1.1=3.0 1.336 Significant 
3 - 6 4,1 - 0,3=3.8 1.445 Significant 
5 - 4 1.1 – 0.7=0.4 1.336 Insignificant 
4 - 6 0,7 - 0,3=0.4 1.336 Insignificant 
5 - 6 1,1 - 0,3=0.8 1.404 Insignificant 
 
The conditioning system influences definitely the quality indices of seeds. The 
classic combination formed by selecting device + trior (AMZ+HSR) has been considered 
as control, as far as it is widely used by farmers. The only difference vs. the most common 
conditioning system is represented by two trior batteries disposed in cascade not parallel. 
There can be noticed that the influence of this conditioning variant on the percentage of 
shriveled and small grains is lower than all the other studied variants. High purity obtained 
by this variant is due to the efficiency of the trior in eliminating the transversal cracks. The 
combination AMZ+PLV is more efficient in eliminating the shriveled and small grains by 
the combined action of air pressure and dimensional selection made by PLV. The V1 and 
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V2 variants accomplish the proper purities for certified categories but they reach the lowest 
level of basic and pre-basic categories (Law 266/2002). Once GA-81 device (gravitator) is 
connected, a considerable improvement of all quality indices can be observed with a 
remarkably low effect on soundly small grains. Comparing variants V4 and V5 it is obvious 
that the technologic effect of the gravitator depends on the cumulative effect of the 
upstream devices. Extrapolating the indices accomplished by the control variant (V1 – 
classic) to a quantity of 1000 T0 output material of a lot, in conformity with the Analysis 
sheet of crop (table 1), there could be commercialized for seeding 62.000 kg shriveled 
seeds and 14.000 kg small grains existent in the output material. With the same reasoning, 
in the combined conditioning variant (V6) the quantity of these components is significantly 
reduced: 3.000 kg shriveled and 3.000 kg small grains. Each component of the output 
material was analyzed concerning their performance (table 5). 
Results concerning the germinative capacity of the shriveled, small grains and 
large cracks. The analyzed components present in different percentage in the final 
product, as a result of the different conditioning systems applied, that matched the standard 
category of pure seeds, influence negatively the obtaining of a high quality seed that 
guarantees a good and sound crop. The cracked and shriveled grains present low resistance 
to diseases and pests, especially toxic fungus and their presence in the output material 
reduces its quality, increasing the sowing rate (germinative seeds/m2), finally spreading the 
diseases to healthy grains. Small grains might be affected by the technological process. 
Usually in soils with great humidity, small grains germinate earlier than the normal ones, 
due to the sawing depth fixed for the large grains, these small ones bring disadvantaged. 
Small seeds produce weak plants, most of them perishing during the vegetation period or 
presenting a low yielding capacity. After a few years storage period their germination 
capacity is much reduced as compared to the larger grains. 
 
                                                                Table 5.  
Quality indices of the components 
Grain types Quality indices 
Germination Abnormal germs Dead seeds 
Shriveled wheat grains Mean value Mean value Mean value 49% 33% 18% 
Large grain cracks Mean value Mean value Mean value 7% 8% 85% 
Small wheat grains Mean value Mean value Mean value 86% 9% 5% 
 
Results concerning the influence of the conditioning system on germination. 
According to standard SR1634/1999, determinations for the germinative capacity were 
carried out in four replications, their mean value being presented in table 7. Among the 
conditions that must be ensured in applying the analysis of variance there were  
tested/checked: the normality of distributions, homogeneity of variants (H= =  
=3,69< ), and the additivity of the effect of conditioning variants with 
replications. The square sum of errors (46.165) is decomposed in the contribution of non-
additive effects (  = 2.16 ; df=1)  and the residual value (44.005). In this 
formula  is the square sum for the non-additive effect of the conditioning variants, fi 
and fj are effects of the conditioning variants and of the replications.  
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Table  6.  
Analysis of variance for non-additivity 
Source of variability Square sum 
SS DF 
Variance 
 
F test 
Error 46.165 15  
F= =0.68 
 
Non-additivity 2.16 1 2.16 
Residual 44.005 14 3.14 
 
            The homogeneity, normality and additivity of variants , ) 
being accomplished, the „t” test may be applied without any correction therefore this will 
be taken in consideration in determining the limit differences and multiple comparisons. 
As far as the effect of replications is not significant, their square sum will be cumulated 
with those of the error. 
= =   =  2.805 
            A new variance of the error has been obtained according to which there will be 
determined the limit differences and multiple comparisons will be carried out. 
 
Tabelul 7.  
Results concerning the influence of conditioning systems on germination                                                                                                                                
V
ar
ia
nt
ă 
Conditioning variants 
Mean of 
germination 
[%] 
Confidence 
interval of 
means 
 
Coefficient 
of 
variability 
 
Difference Significance    
1. AMZ+HSR 88.25 84.7- 91.8 2.51       -    Control 
2. AMZ+PLV 90.50 87.7- 93.3 1.91    + 2.25       - 
3. AMZ+PLV+HSR 91.00 88.1- 93.9 2.01    + 2.75       * 
4. AMZ+PLV+GA-81 96.00 93.7- 98.3 1.47    + 7.75      *** 
5. AMZ+HSR+GA-81 94.25 93.6- 96.6 1.60    + 6.00      *** 
6. AMZ+PLV+HSR+GA-81 97.00 95.2- 98.8 1.20    + 8.75      *** 
DL 5%      2.48                   Power of the test                Effect level               Association 
degree  
DL 1%      3.41                         β =0.64       f = 1.8                           =0.76 
DL 0.1%    4.64           
  
The results indicate a high value of the effect level (f) as well as of the 
association degree. The mean value of the statistic test is generally 0.46, in our case being 
0.64 (due to the low rate of observations in the different variants and lesser to the errors in 
observations) the test was capable to detect the effects. Differences between means in 
number of  are compared with the smallest significance ranks (cmmrs), 
calculated as multiplication of the error of mean ( ) with the correspondent ranks of 
different distances between variants. 
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 Table  8. 
Comparison of means with the smallest significance ranks                                                                                                   
No. of 
variants 
Differences between 
means 
Confidence interval of 
differences between 
means 
=   
cmmrs Significance of differences 
6 - 1 97 -  88.25=8.75 5.68 ÷ 11.8 2.78 Significant 
6 - 2 97 -  90.5=6.5 3.96 ÷ 9.04 2.74 Significant 
6 - 3 97 - 91=6 3.36 ÷ 8.64 2.69 Significant 
6 - 4 97 - 96=1 -1.23 ÷ 2.23 2.49 Insignificant 
6 - 5 97  - 94.25=2.75 0.45 ÷ 5.05 2.62 Significant 
5 - 1 94.25 – 88.75=6 2.72 ÷ 9.28 2.69 Significant 
5 - 2 94.25 – 90.5=3.75 0.96 ÷ 6.54 2.62 Significant 
5 - 3 94.25 - 91=3.25 0.36 ÷ 6.14 2.49 Significant 
4 - 5 96- 94.25 = 1.75 -4.27 ÷ 0.77 2.49 Insignificant 
4 - 1 96 – 88.25=7.75 4.53 ÷ 10.9 2.74 Significant 
4 - 2 96 – 90.5=6.5 3.77 ÷ 9.23 2.69 Significant 
4 - 3 96 - 91=5 2.18 ÷ 7.82 2.62 Significant 
3 - 1 91 – 88.25=2.75 -0.76 ÷ 6.26 2.62 Significant 
3 - 2 91 – 90.5=1.5 -1.32 ÷ 4.32 2.49 Insignificant 
2 - 1 90.5 – 88.25=2.25 -1.19 ÷ 5.69 2.49 Insignificant 
 
The real mean of differences between the compared values has been examined by 
the distribution of differences with an average of zero and a confidence level of 95%, as it 
is illustrated below with differences between -  and, respectively -  
                                                                                                             variant: -  
 -∞                     0       0.45                          5.05                  +∞            significant 
     
                               =0                    
                                                                                                               
 variant: -  
                                                                          insignificant 
-∞                      -1.32            0                    4.32                +∞         
 
                                    =0          
 
The significance of differences is determined by the position of null population 
mean ( =0) vs. the confidence limits. The size of the confidence interval of the 
differences between means depends on the standard error of differences which in turn are 
influenced by the number of observations performed in the studied variants and the 
homogeneity of distributions.  Considering the germination capacity, in all variants there 
have been obtained an output material fit in the standards of seed law (minimum 85%). 
Even if in variant   (AMZ+PLV) there is obtained a lower purity (98.90%) vs. control 
variant  (AMZ+HSR) the output seed germination is better due to the fact that in V2 seed 
are more sound, the ratio of shriveled, small grains and of longitudinal cracks is lower. In 
variants , , due to a large amount of the components, there is a great variability of 
germination in the studied replications. 
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There can be observed that as the shriveled grains and other impurities are 
eliminated from the output material by applying advanced conditioning systems, the 
germination capacity increases significantly, even more than 8%, which is a very 
appreciate gain not only in the output material but also in the necessary seed quantity per 
hectare which reduces seeding costs. Analyzing the germination capacity of the variants 
there have been recorded significant differences between coleoptile length (5-42 mm), 
height of seedlings as well as in the root system (0-5 roots). This considerable differences 
are obvious in the variants in which shriveled and small grain rate is high. 
 
CONCLUSIONS 
 
          The results of our research work interpreted by well known statistical tests 
emphasized certain technical aspects of the conditioning systems with a significant 
influence on all the quality indices of the seeding material. For obtaining vigorous plants 
with uniform sprouting there must be produced and commercialized very high quality 
seeds. The embryo of medium and large grains is well developed producing plants with 
high yielding capacity (Bucurescu et al,1992). Therefore conditioning and dimensional 
selection of seeds is an essential link in crop technology. Applying an additional cleaning, 
results in an output material with superior indices that meets the present standards. 
Shriveled, damaged, dehusked and small grains existent in the output material, though 
considered as pure enough for the base category, still deteriorate it significantly. Yielding 
capacity of these seeds, especially of the shriveled ones, is very low, therefore these grains 
should be avoided when seeding. Our experiments concerning the influence of different 
conditioning systems on the rate of shriveled seeds remained in the output material and the 
germinative capacity showed a „break” in the cumulative effect of the machinery once the 
GA-81 gravitator device has been connected. The most important role in obtaining a 
standard output is assigned to the PLV device and the GA-81 gravitator even though their 
cumulative action is recommended, these two devices eliminating the most part of the 
shriveled, diseased and small grains. The significant differences observed between the 
studied conditioning variants concerning shriveled grain ratio remained in the output 
material (almost 6% in the case of -  variants), as well as differences concerning 
germination capacity (over 8%) needs a very serious analysis when seeding material is 
commercialized. For obtaining a standard seeding material the seed conditioning process 
must take place in specialized centers with high performance machinery and well trained 
personnel. 
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